automatically, under computer program control, revising the initial computer program 
to generated revised computer program by adding object loading instructions to the initial 
computer program at the first set of the identified program locations, wherein the added 
object loading mstructions, during execution of the revised computer program, load 
respective ones o^the objects firom persistent storage of the computer into the main memory 
when each respective object is accessed and the respective object is not already in the main 
memory. \ 

23. The method of claim 22, wherein the added object loading instructions are inactive 
during execution of the revised computer program except when a respective object to be 
accessed is referenced by a null location indicator. 

24. The method of claim 22V 
the revising fiirther includes: 

adding dirty object marking instructions to the initial computer program that, 
during execution of the revised conmuter program, store object marking data indicating 
which objects in the main memory ccmtain new and/or updated data; and 

adding object storing inJstructions to the initial computer program that, during 
execution of the revised computer program, store certain respective objects in the main 
memory into the persistent storage; \ 

wherein the certain respective objec\s stored into the persistent storage by the object 
storing instructions contain new and/or updared data as indicated by the object marking data. 

25. The method of claim 24, wherein the objo^ct storing instructions include instructions 
for replacing main memory object references in the^certain respective objects with 
corresponding persistent storage object identifiers before storing the certain respective objects 
in the persistent storage. \ 

26. A method of generating object-oriented computer programs for accessing and 
updating persistently stored objects, wherein the method is performed under program control 
by a computer, the method comprising: \ 
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^ receiving an initial computer program that includes original instructions for accessing 
and updaniig objects stored in a computer's main memory and for committing transactions in 
which one 6r more objects may have been updated; 

scannmg the initial computer program to automatically identify object updating 
instructions andVansaction commit instructions and corresponding program locations at 
which additional iiwructions are to be added representing a set of identified program 
locations; \ 

automatically, under computer program control, revising the initial computer program 
to generate a revised computer program by: 

adding at a finst subset of the identified program locations dirty object marking 
instructions to the initial computer program that, during execution of the revised computer 
program, store object marking dVta indicating which objects in the computer's main memory 
contain new and/or updated data; Jmd 

adding at a second subset of the identified program locations object storing 
instructions to the initial computer program that, during execution of the revised computer 
program, store certain respective objects^ in the computer's main memory into the persistent 
storage, wherein the object marking data stored by the dirty object marking instructions is 
used by the object storing instructions to idWify the certain respective objects. 

27. The method of claim 26, wherein the oqiect storing instructions include instructions 
for replacing local object references in the certaiii respective objects with corresponding 
persistent storage object identifiers before storing the certain respective objects in the 
persistent storage, wherein the local object referenced reference objects in the main memory 
and the persistent storage object identifiers reference oVjects in the persistent storage. 

28. A method of generating object-oriented computer programs for accessing and 
updating persistently stored objects, wherein the method is performed under program control 
by a computer, the method comprising: \ 

scanning an initial computer program to automatically idWify object accessing 
instructions and object updating instructions and corresponding program locations at which 
additional instructions are to be added; \ 
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^ y Automatically revising the initial computer program to generate a revised computer 
program hy adding supplemental instructions to the initial computer program at the identified 
program locations, the supplemental instructions including: 

\a first set of additional instructions, added to the initial computer program at a 
first subset of tnfe identified program locations associated with identified object accessing 
instructions, wherein the first set of additional instructions, during execution of the revised 
computer program, ^^rform a first predefined task when each respective object is accessed 
and the respective obj^t is not already in main memory of the computer; and 

a second\et of additional instructions, added to the initial computer program 
at a second subset of the identified program locations associated with the identified object 
updating instructions, wherein the second set of additional instructions, during execution of 
the revised computer progran^, perform a second predefined task when each respective object 
is updated for a first time. 

29. The computer implemented \nethod of claim 28, wherein the first predefined task 
includes loading respective ones of tha objects fi"om persistent storage of the computer into 
the main memory of the computer whei^ach respective object is accessed and the respective 
object is not already in the main memory. 

30. The computer implemented method of claim 29, wherein the second predefined task 
includes storing object marking data indicating wiich objects in the main memory contain 
new and/or updated data. 

3 1 . The computer implemented method of claim 2^wherein 
the scanning includes scanning the initial computer program to automatically identify 

transaction commit instructions and corresponding prograniSlocations at which further 
additional instructions are to be added to the initial computer program; 

the revising includes adding at a third subset of the identi^ed program locations 
object storing instructions to the initial computer program that, durmg execution of the 
revised computer program, store certain respective objects in the computer's main memory 
into the persistent storage, wherein the object marking data stored by tne dirty object marking 
instructions is used by the object storing instructions to identify the certam respective objects. 
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32. [a computer program product for use in conjunction with a computer having a main 
memorA and persistent storage, the computer program product comprising a computer 

3 readable storage medium and a computer program mechanism embedded therein, the 

4 computer program mechanism comprising: 

5 a postptocessor procedure for modifying an initial computer program that includes 

6 original instructiVis for accessing and updating objects stored in a computer's main memory; 

7 the postprocessor procedure including instructions for: 

8 receiving an Wtial computer program that includes original instructions for accessing 

9 objects stored in a computer's main memory; 

10 scanning the initial computer program to automatically identify object accessing 

1 1 instructions and corresponding program locations at which additional instructions are to be 

12 added representing a first set of identified program locations; 

13 automatically, under cWiputer program control, revising the initial computer program 

14 to generate a revised computer program by adding object loading instructions to the initial 

1 5 computer program at the first set of the identified program locations, wherein the added 

16 object loading instructions, during execution of the revised computer program, load 

17 respective ones of the objects from petsistent storage of the computer into the main memory 

18 when each respective object is accessecmnd the respective object is not already in the main 

19 memory. \ 

1 33. The computer program product of clami 32, wherein the added object loading 

2 instructions are inactive during execution of tha revised computer program except when a 

3 respective object to be accessed is referenced by \ null location indicator. 

1 34. The computer program product of claim 32, wherein 

2 the revising instructions further include instructions for; 

3 adding dirty object marking instructions to the initial computer program that, 

4 during execution of the revised computer program, store abject marking data indicating 

5 which objects in the main memory contain new and/or updated data; and 
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, adding object storing instructions to the initial computer program that, during 
* execution of the revised computer program, store certain respective objects in the main 
memory into the persistent storage; 

wherein me certain respective objects stored into the persistent storage by the object 
storing instructions contain new and/or updated data as indicated by the object marking data. 

35. The computer program product of claim 34, wherein the object storing instructions 
include instructions for replacing main memory object references in the certain respective 
objects with corresponding persistent storage object identifiers before storing the certain 
respective objects in the persistent storage. 

36. A computer program product for use in conjunction with a computer having a main 
memory and persistent stotrage, the computer program product comprising a computer 
readable storage medium and a computer program mechanism embedded therein, the 
computer program mechanism comprising: 

a postprocessor procedure for modifying an initial computer program that includes 
original instructions for accessmg and updating objects stored in a computer's main memory; 
the postprocessor procedWe including instructions for: 

receiving an initial compurer program that includes original instructions for accessing 
and updating objects stored in a cormuter's main memory and for committing transactions in 
which one or more objects may have Wen updated; 

scanning the initial computer program to automatically identify object updating 
instructions and transaction commit instnictions and corresponding program locations at 
which additional instructions are to be added representing a set of identified program 
locations; \ 

automatically, under computer progran^control, revising the initial computer program 
to generate a revised computer program by: \ 

adding at a first subset of the identified program locations dirty object marking 
instructions to the initial computer program that, during execution of the revised computer 
program, store object marking data indicating which omects in the computer's main memory 
contain new and/or updated data; and \ 
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21 adding at a second subset of the identified program locations object storing 

22 r instructions to the initial computer program that, during execution of the revised computer 



23 program, store certain respective objects in the computer's main memory into the persistent 

24 storage, wherein tnfe object marking data stored by the dirty object marking instructions is 

25 used by the object steering instructions to identify the certain respective objects. 

1 37. The computer program product of claim 36, wherein the object storing instructions 

2 include instructions for replacing local object references in the certain respective objects with 

3 corresponding persistent storage object identifiers before storing the certain respective objects 

4 in the persistent storage, wherein the local object references reference objects in the main 

5 memory and the persistent storage object identifiers reference objects in the persistent 

6 storage. 

1 38. A computer program product Vor use in conjunction with a computer having a main 

2 memory and persistent storage, the con^uter program product comprising a computer 

3 readable storage medium and a computer Wogram mechanism embedded therein, the 

4 computer program mechanism comprising: 

5 a postprocessor procedure for modifying an initial computer program that includes 

6 original instructions for accessing and updating\)bjects stored in a computer's main memory; 

7 the postprocessor procedure including insmictions for: 

8 scanning an initial computer program to automatically identify object accessing 

9 instructions and object updating instructions and corresponding program locations at which 

10 additional instructions are to be added; 

1 1 automatically revising the initial computer prograki to generate a revised computer 

12 program by adding supplemental instructions to the initial Computer program at the identified 

13 program locations, the supplemental instructions including: 

14 a first set of additional instructions, added to th^ initial computer program at a 

15 first subset of the identified program locations associated with idjCntified object accessing 

16 instructions, wherein the first set of additional instructions, durinaexecution of the revised 

1 7 computer program, perform a first predefined task when each respective object is accessed 

18 and the respective object is not already in main memory of the computer; and 
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second set of additional instructions, added to the initial computer program 
at a^econd subset of the identified program locations associated with the identified object 
updating instructicins, wherein the second set of additional instructions, during execution of 
the revised computer program, perform a second predefined task when each respective object 
is updated for a first nme. 



1 39. The computer prdgram product of claim 38, wherein the first predefined task includes 

2 loading respective ones orthe objects from persistent storage of the computer into the main 

3 memory of the computer wken each respective object is accessed and the respective object is 

4 not already in the main memcjry. 

1 40. The computer program Product of claim 39, wherein the second predefined task 

2 includes storing object marking qata indicating which objects in the main memory contain 

3 new and/or updated data. 

1 41 . The computer program produVt of claim 39, wherein 

2 the scanning instructions include instructions for scanning the initial computer 

3 program to automatically identify transaction commit instructions and corresponding 

4 program locations at which fiirther additic^nal instructions are to be added to the initial 

5 computer program; 

6 the revising instructions include instmctions for adding at a third subset of the 

7 identified program locations object storing instructions to the initial computer program that, 

8 during execution of the revised computer program, store certain respective objects in the 

9 computer's main memory into the persistent storage, wherein the object marking data stored 

10 by the dirty object marking instructions is used b^the object storing instructions to identify 

1 1 the certain respective objects. 



1 42. A computer system, comprising: 

2 a central processing unit; 

3 memory, including a main memory for temporarily storing objects and persistent 

4 storage for durably storing objects; 
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the memory further storing an initial computer program and a postprocessor 



rocedure,Nexecutable by the central processing unit, for modifying an initial computer 

7 program so as to generate the revised computer program, the initial computer programing 

8 including original instructions for accessing objects stored in the main memory; 

9 the postprocessor procedure including instructions for: 

10 receiving an initial computer program that includes original instructions for accessing 

1 1 objects stored in a computer's main memory; 

12 scanning the initial computer program to automatically identify object accessing 

1 3 instructions and corresponding program locations at which additional instructions are to be 

14 added representing a first se^pf identified program locations; 

1 5 automatically, under computer program control, revising the initial computer program 

16 to generate a revised computer ptogram by adding object loading instructions to the initial 
fj 17 computer program at the first set of the identified program locations, wherein the added 
^1^18 object loading instructions, during execution of the revised computer program, load 

^ j 19 respective ones of the objects from pe^^sistent storage of the computer into the main memory 

i" 20 when each respective object is accessed wid the respective object is not already in the main 

D 21 memory. 

1 43. The computer system of claim 42, wh^ein the added object loading instructions are 

B 2 inactive during execution of the revised computer pro 

3 be accessed is referenced by a null location indiciator. 



1 44. The computer system of claim 42, wherein 

2 the revising instructions further include instructions for: 

3 adding dirty object marking instructions to the initial computer program that, 

4 during execution of the revised computer program, store ^bject meirking data indicating 

5 which objects in the main memory contain new and/or upaated data; and 

6 adding object storing instructions to the initial computer program that, during 

7 execution of the revised computer program, store certain respective objects in the main 

8 memory into the persistent storage; 

9 wherein the certain respective objects stored into the persistent storage by the object 
10 storing instructions contain new and/or updated data as indicated by\he object marking data. 



9803-0099-999 GSW, P1230C 
Preliminary Amendment 



-9- 



CAl -251713.1 



45. The computer system of claim 44, wherein the object storing instructions include 
instructions^for replacing main memory object references in the certain respective objects 
with corresponiding persistent storage object identifiers before storing the certain respective 
objects in the persistent storage. 



46. A computer s\stem, comprising: 
a central proces^g unit; 

memory, including a main memory for temporarily storing objects and persistent 
storage for durably storingV)bjects; 

the memory further storing an initial computer program and a postprocessor 
procedure, executable by the c^tral processing unit, for modifying an initial computer 
program so as to generate the revised computer program, the initial computer programing 
including original instructions fo\accessing objects stored in the main memory; 

the postprocessor procedur^ncluding instructions for: 

receiving an initial computer\rogram that includes original instructions for accessing 
and updating objects stored in a computer's main memory and for committing transactions in 
which one or more objects may have bee^updated; 

scanning the initial computer program to automatically identify object updating 
instructions and transaction commit instructions and corresponding program locations at 
which additional instructions are to be added representing a set of identified program 
locations; 

automatically, under computer program control, revising the initial computer program 
to generate a revised computer program by: 

adding at a first subset of the identified program locations dirty object marking 
instructions to the initial computer program that, during execution of the revised computer 
program, store object marking data indicating which objects in the computer's main memory 
contain new and/or updated data; and 

adding at a second subset of the identified prJs^gram locations object storing 
instructions to the initial computer program that, during execxnion of the revised computer 
program, store certain respective objects in the computer's maiAmemory into the persistent 
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storage, wherein the object marking data stored by the dirty object marking instructions is 

^/ us^ by the object storing instructions to identify the certain respective objects. 

1 47. iHie computer system of claim 46, wherein the object storing instructions include 

2 instruction's for replacing local object references in the certain respective objects with 

3 corresponding persistent storage object identifiers before storing the certain respective objects 

4 in the persistenrsstorage, wherein the local object references reference objects in the main 

5 memory and the persistent storage object identifiers reference objects in the persistent 

6 storage. \ 

1 48. A computer systen^ comprising: 

2 a central processing unit; 

3 memory, including a rn^n memory for temporarily storing objects and persistent 

4 storage for durably storing objec^ 

5 the memory further storing an initial computer program and a postprocessor 

6 procedure, executable by the central processing unit, for modifying an initial computer 

7 program so as to generate the revised conmuter program, the initial computer programing 

8 including original instructions for accessing. objects stored in the main memory; 

9 the postprocessor procedure including^structions for: 

10 scanning an initial computer program toVitomatically identify object accessing 

1 1 instructions and object updating instructions and corresponding program locations at which 

12 additional instructions are to be added; \ 

13 automatically revising the initial computer pro^^am to generate a revised computer 

14 program by adding supplemental instructions to the initiaI\computer program at the identified 

15 program locations, the supplemental instructions including:\ 

16 a first set of additional instructions, added to tnte initial computer program at a 

17 first subset of the identified program locations associated with iofentified object accessing 

18 instructions, wherein the first set of additional instructions, during ^execution of the revised 

19 computer program, perform a first predefined task when each respective object is accessed 

20 and the respective object is not abeady in main memory of the computer; and 

21 a second set of additional instructions, added to the initiaI\computer program 

22 at a second subset of the identified program locations associated with the iaentified object 
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updating instructions, wherein the second set of additional instructions, during execution of 
\ 

the revised computer program, perform a second predefined task when each respective object 
is updated for a first time. 



1 49. The c^^uter system of claim 48, wherein the first predefined task includes loading 

2 respective ones of^e objects fi-om persistent storage of the computer into the main memory 

3 of the computer wheireach respective object is accessed and the respective object is not 

4 already in the main menib 

1 50. The computer system o^R^laim 49, wherein the second predefined task includes storing 

2 object marking data indicating wh^h objects in the main memory contain new and/or 

3 updated data. 



5 1 . The computer system of claim 49, wherein 

the scanning instructions include instructions for scanning the initial computer 
program to automatically identify transaction conwnit instructions and corresponding 
program locations at which fiirther additional instructions are to be added to the initial 
computer program; 

the revising instructions include instructions for aHding at a third subset of the 
identified program locations object storing instructions to thk initial computer program that, 
during execution of the revised computer program, store certaimrespective objects in the 
computer's main memory into the persistent storage, wherein the aluect marking data stored 
by the dirty object marking instructions is used by the object storing instructions to identify 
the certain respective objects. 
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